We have reported the improvement of menaquinone (MK) productivity of Flavobacterium sp. 238-7 by derivation of a 1-hydroxy-2-naphthdate (HNA)-resistant mutant strain, K3-15, which produced MK-4 in addition to the original respiratory quinone, MK-6,n and by excretion of MK-4with a detergent-supplemented culture of the mutant strain.2'3) Chorismate from the shikimate pathway is important as a metabolic branch point for the biosynthesis of various aromatic compounds, such as MK,aromatic amino acids, and folic acid. Sulfonamides inhibit the biosynthesis of folic acid due to inhibition of dihydropteroate synthase in competition with /?-aminobenzoate (PABA). It was reported that a sulfaguanidine-resistant mutant of
Brevibacterium flavum accumulated chorismate and overproduced L-tryptophan.4) Therefore;
it was considered that a mutant tolerant to inhibition by sulfonamides may have an increased level ofchorismate and thus higher MKproductivity.
In this paper, we describe the results of the derivation of sulfonamide-resistant mutants of //g/ml. A mutant strain, SG31, resistant to sulfaguanidine at 3500 /xg/ml had MK-4 productivity of 30mg/l in the glycerol-peptone medium. The amount was 30% higher than that of strain K3-15.
The resistance to sulfaguanidine between strain K3-15 and strain SG31was compared by cultivation in the glycerol-peptone medium containing sulfaguanidine up to 1000^g/ml ( Fig. 1) . At the sulfaguanidine concentration of 1000^g/ml, the growth of strain K3-15 decreased to 60% of that without sulfaguanidine, while the growth of strain SG31
decreased to 80%under the same conditions. The relationship between the concentration of sulfonamides in the selection plate and MK- Cultivation was done on the glycerol-peptone medium for the screening described under Materials and Methods containing 0-1000/zg/ml of sulfaguanidine in 16.5 x 165-mmtest tubes at 28°C for 2 days. #, strain K3-15; O, strain SG31. 4 productivity of each mutant strain is summarized in Table I Further derivation of sulfonamide-resistant mutants in a chemically-defined medium As described above, mutant strains resistant to the higher concentration of sulfonamides showed higher productivity of MK-4. The concentration of sulfaguanidine used to derive strain SG31 exceeded the saturation concentration. The use of chemically-defined medium for the selection could be expected to decrease the inhibitory concentration of sulfonamides by omitting competing substances to derive stronger sulfonamide-resistant mutant strains.
A medium was constructed with modification of the minimal medium described under Materials and Methods, in which 0.3g of lcysteine, 0.3g of L-aspartic acid, and 0.0001 g of thiamin à" HC1 were added, L-threonine was 0.2g, and L-proline was omitted. Strain SG31 grew well on the mediumand the concentration of sulfonamides for the growth inhibition decreased to less than 50 jug/ml. About 1600 mutant strains resistant to sulfonamides were derived from strain SG31 using the chemically-defined medium and their
MKproductivities were investigated with the glycerol-peptone medium. Sixty mutants having the higher MK-4productivity than that of strain SG31 were selected and their MK-4 productivites under the MK-leaking conditions^were investigated. Amongthem, strain SP0736, resistant of 50/ig/ml of sulfapyridine, was finally selected as the best MK-4 producer, and was used for further studies of MKproduction.
MK-4 production by strain SP0736
The MK-4 productivity of strain SP0736 was not stable. As the results ofexaminaton of various factors in the cultivation for the MK-4 production, it was found that aeration during the cultivation was the most effective for the MK-4 production. Composition of culture medium The culture was optimized for extracellular production of MK-4 by strain SP0736 in modification of the medium for strain K3-15.3) Glycerol and peptone concentrations were changed simultaneously by varied peptone concentrations from 2.0% (w/v) to 2.6% at glycerol concentrations of 5%, 6%, and 7%. The high and stable MK-4 productivity of strain SP0736 was obtained at the peptone concentration of 2.3% with 6% glycerol. The effects of the peptone concentration had different patterns of MK-4productivity between strain SP0736 and strain SG31. The range of high levels of MK-4 productivity in strain SP0736 was wider than that of strain SG31.
The highest MK-4 productivity was obtained at the yeast extract concentration of 0.7%. This value was considerably higher than that of strain SG31. After optimization of other mediumcomponents, a culture mediumwas constructed: 6% glycerol, 2.3% peptone, 0.7% yeast extract, 0.5% NaCl, 0.5% K2HPO4, and 0.05% MgSO4-7H2O, pH 7.0.
Cedar wool oil, which was effective for the MK-4 productivity of strain K3-15,1 3) showed the best stimulative effect on the MK-4pro-duction of strain SP0736. However, it repressed the excretion of MK-4 caused by the detergent. Therefore, cedar wood oil and Rikanon UA5012 concentrations were changed simultaneously. Figure 3 shows the ef- Time course of MKproduction of the strain SP0736 and the strain SG31 under the optimal condition Figure 4 shows the time course of MK production and cell growth of strain SP0736 and strain SG31. Growth of both strains reached the maximumat 2 days of cultivation and then gradually decreased though that of strain SP0736 was about 1.5 times higher than that of strain SG31. Both strains excreted MK-4 into the culture mediumfrom the beginning of cultivation and the rate of MK-4excretion of strain SP0736 was much higher than that of strain SG31. Intracellular MK-4 contents of both strains were almost the same. Therefore, (sulfapyridine-resistant mutant) the total amount of MK-4 of strain SP0736
was higher than that of strain SG31. The cultivation time when the production of MK-4 reached the maximumin strain SP0736 shortened by 2 days compared with strain SG31. The amount of total MK-4reached the maximum, 240mg/l, at 6 days of cultivation in strain SP0736, while the maximum, 210mg/l, was at 8 days of cultivation in strain SG31.
The maximumMK-4productivity of strain SP0736 was 50% higher than that of strain K3-15.
Comparison of DAHP synthetase activity between strain SP0736 and the parent strains DAHP synthetase is the first regulatory enzyme of the shikimate pathway. DAHP synthetase activities of wild-type strain, strain K3-15, strain SG31 and strain SP0736 were compared (Table II) . Cell-free extracts of the 4 strains were prepared after 2 days of cultivation and used for the DAHPassay as the enzyme preparation. Little difference was observed in DAHPsynthetase activities of the 4 strains.
Discussion
We succeeded in enhancing the MK-4 productivity of Flavobcterium sp. 238-7 by adding resistance to sulfonamides. As shown in Table  I , i t appeared that the higher concentration of sulfonamide in the selection plate gave the higher MK-4producing mutants. Figure  5 shows the progression of MKproduction MKproductivities of HNA-resistant mutant strain K3-15
(HNAr), sulfaguanidine-resistant mutant strain SG31
(SGr), sulfapyridine-resistant mutant strain SP0736 (SPr) on the glycerol-peptone medium (A) are given and the maximumMKproductivities of three mutants with each optimal medium (B). MK-6, å¡; MK-4, ED.
of Flavobacterium sp. 238-7 in a series of studies.1~3) The MK-4 productivity of strain SP0736 was 50% higher than that of strain K3-15. The total MKproductivity was almost twenty times that of the wild-type strain.
In the screening medium, the MK-4pro-ductivity of strain SG31 was higher than that of strain K3-15, but it was almost the same level in the optimal medium for intracellular MK-4 production of strain K3-15. In the MKleaking conditions, however, MK-4 productivity of strain SG31 was higher than that of strain K3-15. The result showed a positive effect of the MK-4excretion process on the increase of MK-4productivity. The MK-leaking medium became foamy in the presence of detergent.
The MK-4 productivity of strain SP0736 was very sensitive to the change of aeration in cultivation. Since the foaming influenced the aeration, the MK-4 productivity of the strain was not stable in the MK-leaking medium. The MK-4 productivity became stable and enhanced by addition of antifoam to the culture medium. As the concentration of antifoam had no effect on the 
